Effects of supplementing growing steers consuming forage-based diets with high levels of partially hydrogenated tallow on feed intake, digestibility, live weight gain, and carcass characteristics were determined in this study. In Exp. 1, Holstein steer calves were fed bermudagrass hay alone (Control) and with a ground corn-based concentrate at .95% BW (DM basis) plus partially hydrogenated tallow at 0 (Basal), -33 (low fat; LF), or .67% BW (high fat; H F ) in a Latin square. Total DMI was increased by concentrate supplementation and was lower for HF than for LF ( P < .05; 3.18, 3.83,4.25, and 3.17 kg/d for Control, Basal, LF, and HF, respectively). In Exp. 2, grazing A n g u s x Hereford steers (270 kg f .4 initial shrunk BW) were fed the same supplements as in Exp. 1 for 84 or 98 d and slaughtered. Live weight gain was increased ( P < .05) by concentrate supplementation (1.01, 1.34, 1.41, and 1.30 kg/d for Control, Basal, Low, and High, respectively). The concentration of total lipids in longissimus muscle was 2.51, 2.53, 3.05, and 3.03% of wet tissue for Control, Basal, LF, and HF, respectively (Basal > the mean of LF and HF; P < .07); the proportion of palmitic acid in total fatty acids was similar among treatments. Fat supplementation did not markedly affect sensory, taste, or tenderness characteristics of longissimus muscle. In conclusion, supplementing grazing beef steers with high levels of partially hydrogenated tallow, with slaughter at approximately 400-kg shrunk BW, tended to increase fat in longissimus muscle without altering the palmitic acid level in fatty acids, although sensory, taste, and tenderness characteristics were not modified.
Introduction
An intramuscular lipid content of 3% (wet tissue basis) is needed for acceptable beef palatability in the United States (Save11 and Cross, 1988 ) and most often is attained by feeding high-grain diets and slaughtering the animal at a high stage of maturity (Cabezas et al., 1965; Rumsey et al., 1972) . Means to achieve acceptable intramuscular fat in ruminants with a minimal amount of grain would spare grain for consumption by nonruminant livestock and humans lAppreciation is expressed to the Arkansas Beef Council for partial financial support; Nokes Farms for cattle procurement and preconditioning; James Clower for data collection; Brown Packing J. h i m . Sci. 1993 Sci. . 71:2284 Sci. -2292 and enhance production opportunities for beef producers with forage resources.
Feeding ruminants high levels of fat that is partially or completely protected from ruminal microbial modification can increase the level of intramuscular fat and alter fatty acid composition (Garrett et al., 1976; McCartor and Smith, 1978; Rule et al., 1989) . However, magnitudes of change have not been large (St. John et al., 19911 , and in some cases performance, tenderness, taste, or sensory characteristics have been affected adversely (Dinius et al., 1974a; St. John et al., 1987) . Such experiments have usually entailed 5 10% dietary fat, fat sources high in unsaturated fatty acids, and ruminants near typical slaughter weights. Therefore, the objectives of this study were to determine the effects of supplementing relatively lightweight steers consuming forage-based diets with high levels (.33 and .67% BW) of a fat source high in triglycerides and saturated fatty acids (partially hydrogenated tallow product) on feed intake, digestibility, live weight gain, and level and composition of fat, sensory, taste, and tenderness characteristics of longissimus muscle.
Materials and Methods

Experiment 1
Four Holstein steer calves, with initial and final BW of 134 f 2.1 kg and 183 f 5.2 kg, respectively, were used in a 4 x 4 Latin square experiment with 18-d periods. Animals in this and the subsequent experiment were cared for in accordance with guidelines recommended by the Consortium (1988) . Steers were dewormed and received a vitamin A (500,000 I U ) and D3 (75,000 IU) injection 1 wk before the start of the trial. At this time, steers were brought into a partially enclosed barn, placed in tie stalls, and given free access to Coastal bermudagrass ( Cynodon dactylon) hay and 1% of BW (DM basis) of a ground corn-based concentrate. The fat source was added to the supplement during this period in amounts increasing daily, to accustom calves to the feedstuff. Bermudagrass hay was regrowth with most tillers a t stages 14 to 16 (West, 1990) ; no flowering stems were present. Steers were weighed (unshrunk) at the beginning of the trial and on d 18 of each period at 1300.
During the experiment, steers were fed bermudagrass hay at 105 to 110% of consumption on previous days. Hay was fed at 0800 and 1600 in equal amounts; orts were collected and weighed immediately before the 0800 meal. Steers were not supplemented ( Control) or received a concentrate (85.41% ground corn, 3.30% corn gluten meal, 2.52% blood meal, 2.10% feather meal, 2.02% soybean meal, 2.06% calcium carbonate, .67% dicalcium phosphate, B O % sodium bicarbonate, 50% sodium chloride, 5 0 % calcium chloride, and .12% trace mineral mix3) at .95% BW (DM basis) plus a partially hydrogenated tallow product (Alifet@; Alifet USA, Cincinnati, OH) a t 0 (Basal), .33 (low fat; LF), or .67% BW (high fat; HF). The tallow product consisted 26.0 and 41.3% of the LF and HF supplements, respectively. Alifets consists of 92% crude fat in a wheat starch carrier (DePeters et al., 1989) . DePeters et al. (1989) reported that the fatty acid composition of Alifet@ was .03% ClO:O, 3.7% C14:0, 26.2% C16:0, 2.7% C16:1, 35.4% C18:0, 31.6% C18:1, .03% C18:2, and .3% C18:3; similar values were presented by Palmquist ( 199 1). Supplement was placed in buckets and fed before hay was offered; hay was placed in feeders along with the buckets containing supplement. Control calves received (top-dressed on hay) the same amounts of supplemental minerals as Basal, LF, and HF calves.
On d 13, 100 g of ytterbium (Yb)-labeled hay (Goetsch and Galyean, 1983 ; 24-h soak) was mixed with 127 g of unlabeled hay and fed at the 0800 meal; the remaining hay was offered after consumption of 3Contained 2 12% Zn, 10% Mn, 5% K, 2 5% Mg, 1.54 Cu, .3% I, .I%! Co, and ,023 Se. labeled hay. Fecal grab samples were taken on d 15 through 18 at 12-h intervals advancing 3 h daily and frozen. Later, individual fecal samples were thawed, dried at 55°C for 48 h, and ground to pass a 2-mm screen. Composites were formed by combining an equal amount of feces (air-dry) from the eight sampling times and ground to pass a l-mm screen. Hay was sampled daily on d 13 to 18 to form composites, and concentrates were sampled once each period. Hay composites were ground to pass a l-mm screen.
Feed and feces were analyzed for DM, ash, N (AOAC, 19841, NDF (Goering and Van Soest, 1970;  without sodium sulfite or decalin), and AIA (Van Keulen and Young, 1977 ; 2 N HC1). Hay was analyzed for ADF and ADL (Goering and Van Soest, 1970) ; cellulose was determined as the loss in weight after treatment with H2S04, and ADF was subtracted from NDF to yield hemicellulose. Amylase was used to determine the NDF content of concentrates (Cherney et al., 1989) . Acid insoluble ash was used as an internal marker to estimate digestibilities. Individual fecal samples were ashed, dissolved in 3 N HC1:3 N HNO3 solution (Ellis et al., 19821 , and analyzed for Yb by atomic absorption spectrophotometry with a nitrous oxide-plus-acetylene flame. Regression of the natural logarithm of Yb concentration in fecal samples vs time postdosing yielded particulate passage rate ( PPR; expressed as a percentagehour).
Experiment 2
Ninety-six A n g u s x Hereford weanling steers were obtained through area auction markets and preconditioned for 2 mo on pasture and 1% of BW (DM basis) of concentrate similar to the Basal supplement in Exp. 1. Steers were weighed early in the morning after an overnight period without access to feed or water, and hip height was measured. Steers were allotted to 12 groups and placed in 12, 1.62-ha 'Kentucky 31' tall fescue ( Festuca arundinacea)-red and white clover ( Trifolium pratense and T. repens, respectively) paddocks. In addition, paddocks had been seeded with 67 k g h a of Marshall ryegrass ( Loliurn muitiflorum) and 17 k g h a of Coker 833 wheat (Triticum aestiuum) in mid-August, and N (22.4 kg/ha) was applied 1 wk before seeding. Cattle groups were rotated among paddocks weekly so that each group occupied a paddock for 1 wk during the 12-wk trial. Steers were weighed (shrunk) on d 21,42, 63, 84, and 99 , and hip height was measured on d 84.
Groups of steers were assigned randomly to supplement treatments described for Exp. 1. Supplements were group-fed daily between 0900 and 1000, and amounts were adjusted based on average treatment BW on d 0, 21, 42, 63, and 84. Control groups received a loose mineral supplement of 38.6% salt, 51.7% dicalcium phosphate, and 9.7% trace mineral mix (same as in Exp. 1) at .012% of BW. Steers were adjusted to the dietary fat supplements by gradual replacement of the Basal supplement with LF or HF supplements during a 7-d period. Because of declining forage allowance as the trial progressed, mature common bermudagrass hay (6.4% CP, 74% NDF, and 5.2% ADL) was offered free-choice to all groups on d 43 to 99 and cottonseed meal (44% C P ) was given at .125% of BW (DM basis; .45 kg of DM/steer daily).
Clipped forage samples (simulated grazed) were obtained from each paddock on d 0, 21, 42, 63, and 84, and forage allowance was estimated on d 0, 21, 42, and 63 with a disc meter (Bransby et al., 1977) . Calibration (establishment of relationship between disc height and forage allowance) was conducted on each day with nine points and clipping of forage at approximately 2.54 cm; 30 readings were taken in each paddock. Forage allowance was not estimated on d 84 because a winter storm resulted in most forage being frozen or covered with water or ice. Forage samples were dried for 48 h at 55°C in a forced-air oven and ground to pass a 1-mm screen. Samples for each day were composited across paddocks by subsampling. Clipped forage samples and hay were analyzed for DM, ash, N, NDF, ADF, ADL, cellulose, and hemicellulose, and cottonseed meal was analyzed for DM and N.
On d 85 and 99, two steers from each group (six/ treatment each day) were randomly selected for immediate slaughter. The 48 steers not slaughtered ended the experiment after weighing on d 84. Hot carcass weight was determined on the day of slaughter, and backfat thickness, longissimus muscle ( LM) area, marbling score (1 = practically devoid, 3 = traces, 6 = slight), and U.S. quality grade were estimated 3 d after slaughter. Rib sections (8th to 9th; 10th to 12th) were obtained and frozen as well.
One rib section (10th to 12th) was shipped frozen to the Sensory Testing Facility of Texas A&M University (College Station) for measures of cooking loss, Warner-Bratzler shear (1.3-cm core samples), and sensory, taste, and tenderness characteristics as described by Morgan et al. (1991) . Traits evaluated were aromatics, feeling factors, tastes ( 0 = absent; 15 = extremely intense), juiciness ( 1 = extremely dry; 8 = extremely juicy), muscle fiber and overall tenderness (1 = extremely tough; 8 = extremely tender), connective tissue amount (1 = abundant; 8 = none), and overall flavor intensity (1 = extremely bland; 8 = extremely intense).
The LM from the 8th to 9th rib section was trimmed of fat and shipped frozen to the Department of Food Technology and Science, University of Tennessee (Knoxville), for lipid and fatty acid analyses. Lipids were extracted and quantified using a modified method of Melton (1979) . The modification was the addition of .12 g of butylated hydroxyltoluene to 915 mL of the extracting chloroform. Fatty acids were analyzed using a dual internal standard method. One milligram of each of the two internal standards, ET AL. tridecanoic ( C 1 3 : 0 ) and heneicosanoic acid (C 2 1 :O 1, was added to 100 mg of total lipids of each sample, and the sample was converted to methyl esters using the boron trifluoride method of AOCS (1980) . Methyl esters were analyzed on a 30-m x .25-mm i.d. SP2330 fused silica capillary column (Supelco, Bellefonte, PA) with a Shimadzu Model 9AM gas chromatograph equipped with a flame ionization detector, a Shimadzu CR6-A data processor, and a Shimadzu AOC-9 automatic injector. The carrier gas was helium a t a flow rate of 2 mLJmin, and esters were analyzed during a temperature-programmed run from 130 to 220°C at 2Co/min. Methyl esters of representative samples were also analyzed under the same conditions on the SP2330 column by gas chromatography-mass spectrometry using a Shimadzu Model 9AM gas chromatograph interfaced with a Shimadzu QPlOOO mass spectrometer. Relative response factors vs C 13:O and C21:O were determined using fatty acid standards of known weight composition. The level for each sample was determined as the mean of the estimates using both C13:O and C21:O internal standards. Concentrations for most fatty acids are presented relative to level of total fatty acids.
Statistical Analyses
In Exp. 1, hay intake during the last 5 d of each period did not interact with treatment (split-plot analysis); hence, values were averaged for expression of DM intake and estimation of digestion. Data were analyzed by analysis of variance with steer, period, and treatment in the model. Live weight gain and hip height in Exp. 2 were analyzed with supplement treatment and group within treatment in the model; for hip height, the d-0 value was included as a covariate. Group within treatment variation was used as the error term to test for treatment effects. In both experiments contrasts were conducted for effects of concentrate supplementation (Control vs other treatments), fat inclusion in the supplement (Basal vs the mean of LF and HF), and level of supplemental fat ( L F vs HF). The model for other measures included slaughter date and date x treatment interaction when effects were significant ( P < .05).
Results and Discussion
Experiment 1
Hay was 7.9% ash, 12.1% CP, 71.8% NDF, 32.3% ADF, 4.9% ADL, 25.9% cellulose, and 39.5% hemicellulose (DM basis). Low-fat and HF supplements were completely consumed on all but a few days. Consumption time was much longer for HF than for LF and Basal supplements; the HF supplement sometimes was present at the 1600 meal. Dietary concentrate levels averaged 0, 33, 44, and 73% of total DMI for Control, Basal, LF, and HF, respectively (Table 11 , and the fat product was 12 and 30% of DMI for LF and HF, respectively. The level of fat intake for HF was much higher than that in other investigations concerning fat supplementation, and the level for LF was higher than in most other experiments as well.
Hay DMI was decreased by concentrate supplementation and was lower for supplements with than for those without fat and for HF than for LF ( P < .05; Table 1 ). Reductions in hay intake for Basal, LF, and HF were 20, 27, and 74% of Control hay intake, respectively. Total DM and OM intakes were increased by concentrate supplementation and were lower for HF than for LF ( P < .05). Organic matter digestibility was increased ( P < .05) by concentrate supplementation and was similar among supplement treatments. Differences in OM digestibility between HF and other supplement treatments related to lower hay intake for HF and higher digestibility of fat than hay. Digestible OM intake was increased ( P < .05) by supplementation with concentrate and was lower ( P < .07) for HF than for LF. Neutral detergent fiber digestion did not differ with treatment. Particulate passage rate was lower ( P < .05) for HF than for LF.
The reduction in hay intake with HF probably contributed to low PPR. Long ruminal digesta retention for HF would have minimized deleterious effects of HF on NDF digestibility.
Typically, fat at 5 to 10% of the diet reduces forage intake and digestion . The absence of effect on NDF digestibility of these high dietary additions of fat may have been due to the high level of triglycerides in the fat source and only a FOR FORAGE-FED STEERS 2287 small proportion of polyunsaturated fatty acids. Adverse effects of fat on ruminal microbial activity are lower for triglycerides than for free fatty acids Jenkins and Palmquist, 1982) and are lower for saturated than for unsaturated fatty acids (Harfoot et al., 1974; Jenkins and Palmquist, 1982; Chalupa et al., 1986) . Furthermore, the supplements contained calcium chloride and calcium carbonate to provide calcium ions in the rumen for formation of calcium soaps with free fatty acids. Although solubility of calcium in calcium carbonate in ruminal fluid may be limited (Keyser et al., 1985) , dietary limestone or calcium carbonate additions have lessened adverse effects of fat on ruminal fiber digestion and(or) the acetate:propionate ratio, presumably by increasing the formation of insoluble fatty acids (Galbraith and Miller, 1973; Johnson and McClure, 1973; Jenkins and Palmquist, 1980) . Also, sodium bicarbonate in the supplements may have maintained relatively high ruminal pH and minimized dissociation of calcium-fatty acid salts. (Table 2 ). In contrast, high levels of fat (e.g., 2 to 15% of the diet) in other experiments have decreased ADG by ruminants (Brethour et al., 1958; Lofgreen, 1965; Dinius et al., 1975) . However, sources of fat high in unsaturated fatty acids were used in most instances. Hip height was higher ( P < .05) with than without concentrate supplements and was similar among supplement treatments (Table 2) . Conversely, Rhodes et al. (1978) noted decreased skeletal development by heifers fed a protected tallow product. Backfat thickness at slaughter was increased similarly by all concentrate supplements ( P < .05). Longissimus muscle area at slaughter was increased ( P < . l o ) by concentrate supplementation and was lower ( P < .05) for LF and HF than for Basal. High levels of fat have decreased LM area in other studies as well (McCartor et al., 1979; Haaland et al., 1981; Huerta-Leidenz et al., 1991) . Quality grade and marbling score were increased by concentrate supplementation and were greater for supplements with than without fat ( P < .05).
ET AL.
Cooking loss and shear force were similar among treatments (Table 3) . Overall, treatments did not markedly affect sensory or taste characteristics of steaks. The smell of cooked beef fat was decreased by concentrate supplementation and was lower for supplements with than for those without fat ( P < .05).
Supplementation with concentrate affected scores for some of the other aromatic characteristics (serum/ blood, liver, souredgrain, P < .05; grainylcowy, P < .08). The score for metallic feeling factor was decreased ( P < .06) by supplementation with concentrate. The only effect of treatment on taste was a minor one for sweet (fat level; P < .07); concentrate supplementation increased ( P < .07) juiciness. Tenderness, connective tissue amount, and overall flavor intensity were similar among treatments. In contrast to these results, supplementing livestock with sources of fat high in unsaturated fatty acids has adversely affected sensory, taste, or tenderness in some instances (Dinius et al., 1974a,b; Larick et al., 1992) .
Concentrations of total lipid ( P < .07) and fatty acids ( P < .05) in LM (wet tissue basis) were higher for the mean of LF and HF than for Basal (Table 4 ).
The total lipid concentration for LF and HF was approximately 370, which is the level necessary for acceptable palatability of beef in the United States (Save11 and Cross, 1988). The percentage of fatty acids in total lipid was similar among treatments. Carcass charactensticsd aControl = no supplement; Basal = .95% BW of corn-based concentrate; LF = Basal supplement + .33% BW of partially hydrogenated bS and s = supplementation with concentrate i P < .05 and .lo, respectively; Control vs other treatments); F = inclusion of supplemental fat '24 steersitreatment. '12 steers/treatment. el = practically devoid; 3 = traces; 6 = slight. fl = standard -; 2 = standard; 3 = standard +; 4 = select -.
tallow; HF = Basal supplement + .67% BW of partially hydrogenated tallow.
(Basal vs LF and HF; P < .05).
Improvements in sensory, taste, and(or) tenderness measures of LM with fat supplementation were expected because of increased marbling score and concentrations of total lipid and fatty acids. Perhaps the relatively low level of total lipid was responsible for the absence of a relationship between the level of fat and sensory, taste, and tenderness characteristics of LM. Approximately 20% increases of supplemental fat in concentrations of total lipid and fatty acids and marbling score of LM, relative to Basal levels, were greater than those observed in other studies with added fat (Dryden and Marchello, 1973; McCartor et al., 1979; Haaland et al., 1981) . No adverse effect of fat on live weight gain in this study, in contrast to decreases in other experiments (Matsushima et al., 1955; Ward et al., 1957; Dinius et al., 19751 , may have facilitated the increased level of fat in LM. Factors responsible for the greater response to fat in our experiment compared with changes in other studies may entail supplementation with a source of fat high in triglycerides and saturated fatty acids and of relatively young, growing ruminants.
Supplemental fat seems to have greater potential to increase marbling in young, growing steers than in heavier ones near typical slaughter BW (Dinius et al., 1974a (Dinius et al., ,b, 1975 . Animals at a high stage of maturity have limited capacity to accrete protein; fat is the primary vehicle of energy accretion (Dinius et al., 1974a,b) . Thus, the high proportion of energy from absorbed fatty acids with supplemental fat would match nutrient needs of relatively mature ruminants more closely than requirements of less-mature animals. Forage intake by growing ruminants might be decreased less by high-fat supplements than by forage consumption by more-mature animals, in part because of a greater deficit of nutrients needed for lean tissue accretion (e.g., amino acidsj.
Beef is high in saturated fatty acids relative to meat of nonruminants, primarily because ruminal microbes hydrogenate exogenous fatty acids. High consumption of the saturated fatty acid palmitic acid may promote human heart disease (Mattson and Grundy, 1985) . Hence, dietary means to lessen ' 0 to 15: 0 = absent; 15 = extremely intense. dl to 8: 1 = extremely dry; 8 = extremely juicy. el to 8: 1 = extremely tough; 8 = extremely tender. fl to 8: 1 = abundant; 8 = none. g l to 8: 1 = extremely bland; 8 = extremely intense.
tallow; H F = Basal supplement + ,6796 BW of partially hydrogenated tallow.
(Basal vs LF and HF; P < ,051; L and 1 = level of supplemental fat ( L F vs HF; P < .05 and .07, respectively). bS and s = supplementation with concentrate ( P < .05 and .lo, respectively; Control vs other treatments); F and f = inclusion of supplemental fat (Basal vs LF and HF; P < .05 and .lo, respectively); L and 1 = level of supplemental fat (LF vs HF; P < .05 and .07, respectively).
palmitic acid in fat of beef are of interest, and any feeding method that increases intramuscular fat ideally should not elevate the palmitic acid concentration. However, the palmitic acid concentration of the trimmed LM (percentage of total fatty acids) in this study was similar among treatments (Table 4 ). The level of stearic acid was higher ( P < .05) for supplements with than for those without fat. The level of oleic acid was not affected by supplemental inclusion of fat but was higher ( P < .05) for HF than for LF. The linoleic acid concentration was similar among treatments, but linolenic acid concentration was decreased by concentrate supplementation and lower ( P c .05) for LF and HF than for Basal. Other small differences among treatments in minor fatty acid concentrations were noted. Lack of marked effect of supplementation with this particular fat source on LM fatty acid composition could relate to beef tallow origin, although fatty acids of the source are slightly more saturated than those of tallow. The unsaturated fatty acid content of lipids is normally higher for ruminants fed high-grain than for those fed highroughage diets, in part because of decreased numbers of biohydrogenating and lipolytic microorganisms (Latham et al., 1972) . However, concentrate supplementation did not affect the proportions of total fatty acids that consisted of palmitic, palmitoleic, stearic, oleic, or linoleic acids.
In summary, supplementing grazing beef steers with high levels of partially hydrogenated tallow for 84 or 98 d, with slaughter at approximately 400-kg shrunk BW, tended to increase lipid in LM to a level currently necessary for acceptable palatability of beef for U.S. consumers. The change was not great as a percentage of wet tissue ( . 5 ) but was substantial relative to levels without supplemental fat (approximately 20%) . No adverse changes in composition of fatty acids in LM occurred with fat supplementation, although improvements in sensory, taste, and tenderness characteristics were not observed. Overall, such changes were similar for the low and high levels of supplemental fat, but the high level may have markedly decreased forage intake. This approach may have promise for production of beef with an acceptable degree of intramuscular fat on pasture with less grain than used in typical U.S. cattle finishing programs, although magnitudes of change with higher baseline levels of intramuscular fat are unknown. Further research with various animal characteristics (e.g., stage of maturity, compensatory growth potential, and frame size), different periods of supplementation, and alternate sources of fat is warranted.
Implications
Supplementing grazing beef steers with high levels of partially hydrogenated tallow for 84 or 98 d tended to increase longissimus muscle total lipid content from 2.5 to 3.0%, with slaughter at approximately 400-kg shrunk body weight. Intramuscular fatty acid composition was not adversely changed, but eating characteristics of longissimus muscle were not improved. Further research is needed to investigate influences of cattle characteristics, such as ones yielding higher baseline levels of fatness than in this study, on responses to high levels of dietary fat.
